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(54) Laser driver with noise reduction feedback 

(57) In order to provide a fow noise laser beam, a 
noise reducing feedback network is provided which cre- 
ates a noise reducing signal and provides that signal to 
the laser (12) itself. In order to produce the noise reduc- 
ing signal, the operation of the laser (12) is monitored 
and the feedback signal is a direct result of this moni- 
toring. Monitoring is accomplished by a fast-forward 
sense detector (40), which receives a portion of the laser 
beam (30) from the operating laser (12), The output from 
this fast-forward sense detector (40) is provided to an 



amplifier (46) which inverts and amplifies the signal, A 
noise reduction feedback network (60) then receives the 
amplified signal, appropriately filters this signal, and 
provides it to the laser (12) itself so as to reduce noise 
in the laser-beam for the frequency band of importance 
for reading the recorded data from the optical medium. 
The noise reduction feedback signal further has suffi- 
ciently high impedance so as to not disturb the tradition- 
al CW operation of the laser (1 2) and to avoid interfer- 
ence with th e traditional RF modulation of the laser (12). 
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Description 

[0001] The present invention relates to optical data 
storage devices. More specifically, the present invention 
relates to the control and operation of a laser used m 
optical data storage systems to produce a low notsc op- 
tical signal for use in reading data from optical mecia 
[0002] Since the launch in 1 982 of the audio CD, op- 
tical disks have become a very popular storage media 
due to their durability, random access features, and the 
high capacities that can be achieved on a single remov- 
able disk. The computerization of businesses has also 
steadily increased the amount of data that is processed 
As more data is processed, the amount of data which 
must be stored increases as well To meet the need oi 
this ever- increasing amount of data, cost-eftectrvc data 
storage is desired. To remain competitive and to meet 
the needs for storage, increasing the disk capacity is a 
paramount development goal for opJical drive products 
(See, P. Asthana, B. L Finkelstein. and A A. Fennema. 
"Rewritable optical disk drive technology." IBM Journal 
of Research and Development, Vol. 40, No. 5 (1995)). 
[0003] As is well known, data on optical disks is stored 
by altering the physical properties of the optical media 
at defined locations. The optical media can be altered 
either at a factory where storage media is mass-pro- 
duced, or within the optical drive itself- Most often, the 
optical media is in the form of an optical disk 
[0004] For both reading and writing of information, a 
previously-proposed optical storage device utilizes a la- 
ser positioned adjacent to the storage media. In the write 
mode, the laser is used to alter the physical properties 
of the media at the desired locations. Conversely, in the 
read mode the laser is used to illuminate the storage 
media surface and detect the physical surface property 
at the desired location. The operation and performance 
of the laser in both the read and write modes is critical 
to the efficient operation of such a storage device. 
[0005] As suggested above, the storage capacity of 
storage devices is a continuing concern, It is always de- 
sirable to store more information on a single device, 
rather than having to spread this across multiple devic- 
es. 

[0006] One way to achieve higher storage capacity is 
to increase the density of information. In the case of op- 
tical storage devices, this is achieved by placing data 
points closer to one another on the optical media. In or- 
der to create a useful storage device however, it is crit- 
ical to be able to differentiate between the various data 
points. Thus, data points can potentially be placed too 
close together, resulting in meaningless information. 
[0007] The optimum placement of data points on the 
optical media is largely controlled by the type of laser 
used, and its related focal point. Obviously, the optics 
and lasers have limits which affect the density achieva- 
ble on the storage media If the density is excessively 
increased, the integrity of the data will be compromised. 
Again, this results in unusable, inefficient data storage 



devices. 

[0008] Newer lasers and compatible storage media 
have recently made higher density data storage possi- 
ble. For example, violet lasers (approximately 405 nm 
* wavelength) have a much sharper focal point and thus 
allow for more high density storage. However, these 
new lasers appear to generate more noise than previous 
lasers (e.g., red lasers operating at approximately 650 
nm wavelength). With the newer lasers and tighter data 
io density, noise in the laser itself can compromise the sys- 
tem's ability to differentiate between data signals and 
noise. Consequently, it is desirable to provjde a very 
dean laser beam, free of any significant noise, in order 
to make higher density optical storage possible, 
is [0009] Commercially available laser driver circuits 
provide one mechanism to control the laser itself. Spe- 
cifically such a laser drive is typically used as part of a 
ctosed loop, low frequency (LF) control system to pro- 
vide appropriate continuous wave (CW) laser-power to 
?o tho media This type of control is specifically used to 
control the laser during read operations. In these sys- 
tems, part of the collimated laser beam is diverted to a 
photo detector which monitors the laser's output. The 
output from this photo detector is then fed back to a dig- 
iur stgnal processor or to an analog control loop, for la- 
sor road power control. In turn, the digital signal proc- 
essor provides signals to the laser driver to appropriate- 
ly adjust the read power. 

[0010] One function of the laser driver is to provide a 
Jo control led current source to drive the laser. The supplied 
cjrrcni ts dependent upon various signals provided to 
the User driver. The laser driver itself includes some in- 
ternal noise which results in noise on it's output signal. 
Additionally, the laser itself is also known to generate 
some noise as well. Consequently, any effort to control 
and minimize the noise created by these two sources is 
a beneficial improvement. 

{0011) The noise problems outlined above are further 
exaggerated by the typical operating environment of an 
40 optical storage system. More specifically, optical stor- 
age devices typically include RF modulation in order to 
keep the lasers operating in a stable and quiet mode. 
Gencralfy speaking, noise in the laser is minimized by 
ulJii/ing higher amplitude RF modulation signals. How- 
-** evcf use of these high amplitude RF signals is often 
pr onioned due to RF emission requirements. Conse- 
quently lasers are typically operated with non-optimal 
RF levels, which will create an additional noise problem 
with the new violet lasers. This simply highlights the ben- 
so ofits of laser noise reduction at virtually all levels. 

(001 2] Accordingly, it is desirable to minimize all noise 
created by the laser driver and/or the laser itself, with a 
v ow to achieving high density data storage. As suggest- 
ed above, it is desirable to provide significant noise re- 
55 duction in the laser beam output. This reduction in laser 
noise will in turn allow for the use of shorter wavelength 
Users, and higher data density on the storage media. 
[0013] It is also desirable to provide medium frequen- 
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cy noise reduction while also not affecting CW read pow- 
er control. This CW read power control is typically pro- 
vided by a digital signal processor, however may be pro- 
vided by discrete circuitry. 

[0014] Additionally, it is desirable to provide selective 
noise reduction such that the write operations are not 
affected. To achieve this, it is desirable to utilize a 
switched feedback network that can be selectively dis- 
abled, 

[0015] Furthermore, it is desirableto provide noise re- 
duction directly to the laser itself, without requiring ad- 
ditional circuitry such as light modulators, etc. 
[0016] It is also desirable to utilize standard laser driv- 
er circuits in conjunction with the noise reduction meth- 
odology, whereby due to the feedback any notse created 
by the laser driver circuit itself is also minimized 
[0017] In an embodiment of the present invention the 
laser signal is monitored and a noise cancellation feed- 
back loop which feeds directly into the laser is created. 
This noise elimination technique allows iot ihu use of 
the newer, shorter wavelength lasers and compatible 
data storage media (e.g., violet laser operating a! 405 
nm wavelength). The feedback loop provides a no»se 
elimination signal which is fed directly back into the la 
ser, thus all noise is dealt with at that Jovel eliminating 
the need for additional optical modulators Of similar 
components. 

[0018] In one embodiment of a low noise Usuv conifd 
embodying the present invention, the User ftsefl is dnv 
en by a laser driver circuit. While vanojs circuits could 
be used, one laser driverthat is appropriate fo* this tunc 
tion is an Elantec EL6287C laser driver Generally 
speaking, the laser driver includes a ctrrcni source 
which is connected to the laser itself such that a control- 
led laser beam is created in response to the contr cited 
drive current provided. 

[0019] In order to monitor the laser output appropri- 
ate optics are used to divert a portion of the laser beam 
to a photo detector In the present embodiment thepho* 
to detector is a fast-forward sense deloctDr (fasl FSD) 
which outputs an electrical signal proportional to the la 
ser power This output is provided to a low noise, rngn 
bandwidth trans-impedance amplifier whicft procuccs a 
signal voltage at its output which is simply an inverted 
and amplified representation of the fast FSD current. 
The output from the trans-impedance amplifier is then 
provided to a digital signal processor (DSP) for CW laser 
power control, and other functions. Based on the ampli- 
tude of this amplified forward sense signal (from the 
trans-impedance amplifier), the digital signal processor 
then provides a read power control signal back to Ihe 
laser driver to control the appropriate laser current in 
orderto achieve sufficient signal strength from the laser 
[0020] In orderto reduce noise in the laser output, a 
noise reduction feedback network is connected be- 
tween the trans-impedance amplifier and the laser A 
noise reduction signal is created by this noise reduction 
feedback network and provided to the input of the laser 
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itself, 

[0021] As mentioned above, the amplified forward 
sense signal is simply an amplified and inverted signal 
voltage derived from the laser output beam. The noise 
5 reduction feedback network filters this amplified signal 
to isolate the noise contained therein, which is primarily 
the medium frequency component. By providing this fil- 
tered and inverted signal back to the laser itself, noise 
cancellation is achieved at frequency components with- 
fo jn the read channel bandwidth of the system. 

[0022] In summary, an embodiment of the present in- 
vention measures the noise from the light produced by 
the laser, using a fast photo detector, and feeds a fil- 
tered, amplified and inverted noise reduction signal 
'5 back to the laser This feedback cancels noise in the 
read-channel bandwidth without disturbing the CW read 
power control provided by the digital signal processor 
[0023] When the laser is used to write data to the op- 
tical media, the laser is necessarily driven at various fre- 
20 quencies (i.e., write pulses are created). In order to not 
disturb the operation of the laser during the write oper- 
ations, the noise reduction feedback network in an em- 
bodiment of the present invention is appropriately disa- 
bled through an appropriate switch. Specifically, the 
noise reduction feedback network is switched off, or dis- 
abled during any write operations. 
[0024] Generally speaking, the noise reduction feed- 
back network displays two primary characteristics: (1) 
appropriate frequency response to provide noise can- 
celling while also not affecting LF response; and (2) high 
impedance so that the current provided by the laser driv- 
er is not affected. 

[0025] As can be anticipated, there are several cir- 
cuits which can achieve the desired functionality of the 
■» feedback network. In a first embodiment of the present 
invention, the feedback network is simply an RCL net- 
work connected in series to provide a band-pass func- 
tion. The band-pass function is chosen in order to not 
disturb the CW operation of the laser and to avoid inter- 
*o lerence with the generally used RF modulation, which 
is typically in the frequency range of 200 to 600 MHz. 
[0026] As previously mentioned, the feedback net- 
work is also switched so that it may be disabled during 
write operations. Ideally, the switch would have a very 
low 'on' resistance in order achieve good feedback and 
would be controlled by the digital signal processor. Con- 
sequently, a previously-proposed reed relay switch is 
best used for this embodiment, due to its low 'on' resist- 
ance. 

90 [0027] In an alternative embodiment of the present in- 
vention, the noise reduction feedback network includes 
a transistor amplifier network to provide appropriate im- 
pedances and additional feedback gain for better noise 
cancellation. The output from the trans-impedance am* 
55 plifier is high-pass filtered and fed back to the laser using 
a capacitor and this transistor amplifier input imped- 
ance. This high-pass filtering provides appropriate me- 
dium frequency feedback, while avoiding any distur- 
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bance of the CW power control Because of the high out- 
put impedance of the transistor providing the feedback 
current, the inductor can be eliminated from the feed- 
back network, as the RF signal current, provided by a 
previously-proposed laser driver circuit, will fundamen- 
tally flow into the much lower impedance of the laser. In 
order to prevent RF signal cancellation, the bandwidth 
of the feedback network must be limited to a frequency 
below the RF frequency. This is easily accomplished by 
limiting the bandwidth of the trans-impedance amplifier 
for the FSD-current to about 100 MHz, 
[0028] Additionally, because of the higher input im- 
pedance provided by the transistor amplifier network, a 
FET switch can be used to control the disabling of this 
network This is desirable as it provides higher switching 
speed for the disabling switch and FET-switches offer 
better reliability than reed-relays. 
[0029] While a digital signal processor is typically 
used to provide CW read level control, it is possible to 
create a self contained control loop which would provide 
both noise reduction and CW read power control in an 
embodiment of the present invention. In such an em- 
bodiment, the same AC coupled transistor amplifier net- 
work is utilized in the feedback network. However, ad- 
ditional amplifiers are provided to provide CW power 
control, as opposed to the digital signal processor 
[0030] The noise reduction feedback network compli- 
ments the existing tow frequency control loop to provide 
a much broader range of noise reduction. A previously- 
proposed DC control loop (either by DSP or analog) typ- 
ically provides low-frequency noise reduction (typically 
for frequencies below 10 kHz). A noise reduction feed- 
back-circuit in an embodiment of the present invention 
provides medium-frequency noise reduction (typically 
from 10 kHz to approximately 40 MHz), which is bene- 
ficial forthe read-channels of optical drives. Specifically, 
information read from the storage media is typically with- 
in this medium frequency bandwidth, so this noise re- 
duction produces the most beneficial results. 
[0031] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

Figure 1 is a block diagram illustrating a preferred 
embodiment of the present invention; 
Figure 2 is a schematic diagram illustrating one em- 
bodiment of the present invention; 
Figure 3 is a schematic diagram illustrating a sec- 
ond embodiment of the present invention; 
Figure 4 is a schematic diagram illustrating yet an- 
other embodiment of the present invention, wherein 
a digital signal processor is eliminated; 
Figure 5 is a graphical illustration showing the 
phase and noise reduction at various operating fre- 
quencies; and 

Figure 6A - 6D are various data signal traces of the 
read channel output showing the noise reduction 
feedback disabled (Figures 6A and 6C), and the 
noise reduction feedback enabled (Figures 6B and 



6D). 

[0032] Referring to Figure 1 , there is shown a sche- 
matic diagram illustrating a preferred embodiment of the 

5 low noise laser control system 1 0 of the present inven- 
tion. As described and illustrated below, laser control 
system 10 is used in an optical data storage system. It 
is certainly contemplated that this control system 10 
could easily be used with other devices that require 

io noise free operation of a laser. 

[0033] As with all optical data storage systems, a laser 
12 is utilized to generate light signals for reading and 
writing operations. Laser 12 is controlled by a laser driv- 
er 14 f which has a write control signal input 20 and a 
read power input 22. Both of these inputs control the 
output signal generated at laser driver output 24. Laser 
driver output 24 is directly attached to laser 12 in order 
to generate the desired optical signals. The laser driver 
14 of the preferred embodiment is a commercially avail- 

20 able Elantec EL6287C laser driver manufactured and 
sold by Elantec Semiconductor, Inc. of Milpitas, CA. It 
will be understood that other laser drivers may be used 
and an embodiment of the present invention is not lim- 
ited to this particular laser driver I n summary, this device 

25 will provide all necessary laser driving functions, includ- 
ing appropriate current supply and any necessary RF 
modulation. 

[0034] The laser signal 30 (i.e. laser beam or optical 
signal) generated by laser 12 is presented to a beam 

30 splitter 26 which diverts a feedback optical signal 32 to 
a photo detector 40, Beam splitter 26 also allows a pri- 
mary optical signal 34 to be directed to the related stor- 
age media (not shown) such as an optical storage disk. 
In order to operate most efficiently, beam splitter 26 is 

35 configured so that primary optical signal 34 is much 
stronger than feedback optical signal 32. 
[0035] Photo detector 40, also referred to as forward 
sense detector (FSD) 40, is a fast responding photo de- 
tector which produces an electrical current indicative of 

40 the optical signal received at output 42. A low noise, high 
bandwidth trans-impedance amplifier 46 is connected 
to output 42 and is configured to create a voltage signal 
which is an inverted and amplified representation of the 
signal created by photo detector 40, Trans-impedance 

45 amplifier output 48 is connected to a digital signal proc- 
essor 50 (DSP). Digital signal processor 50 receives the 
amplified forward sense signal from trans-impedance 
amplifier 46, which includes information regarding the 
laser signal strength. The LF component of trans-imped- 

50 ance amplifier output 48 indicates the CW power being 
generated by laser 12. In response, digital signal proc- 
essor 50 generates a control signal at LF output 52, 
which is connected to read power input 22 of laser driver 
14. Through these components, a LF control loop is cre- 

55 ated for appropriately adjusting the intensity or CW pow- 
er level of laser 12 and the associated laser signal 30. 
While this embodiment includes this LF control, it is un- 
derstood that other power control schemes could be 



4 



BNSDOCiD: <EP 1261064A2J_> 



4 



7 

used, including other closed and open loop control 
methods. 

[0036] In order to provide noise reduction to the laser 
signal, a noise reduction feedback network 60 is at- 
tached between laser 1 2 and trans- impedance amplifier 5 
output 48. In order to provide selective operation of 
noise reduction feedback network 60, a control switch 
70 is connected between trans-impedance amplifier 
output 48 and the input 62 of noise reduction feedback 
network 60. Noise reduction feedback network 60 fur- 
ther has a feedback network output 64 which is connect- 
ed directly to laser 12, 

[0037] Generally speaking, noise reduction feedback 
network 60 is utilizedto provide a noise cancelling signal 
on feedback network output 64, This noise cancelling 
signal is an inverted signal indicative of the actual noise 
detected in laser signal 30. By adding this inverted sig- 
nal to the laser driver output signal, substantial noise 
cancellation will be achieved. 

[0038] Noise reduction feedback network 60 provides 
AC coupling to the laser 12 so that the LF control pro- 
vided by DSP 50 is not affected. Also, noise reduction 
feedback network 60 displays very high impedance, so 
that signals generated on laser drive output 24 are di- 
rected towards the laser, and not back into noise reduc- 
tion feedback network 60. 

[0039] As mentioned above, noise reduction feed- 
back network 60 is selectively operable through the use 
of switch 70. Specifically, it is desirable to disable the 
noise reduction feedback network 60 during any writing 
operations. As is well known, writing operations often 
include various high frequency components. Conse- 
quently, it is desirable to avoid any high frequency ef- 
fects that noise reduction feedback network 60 gener- 
ates during these writing operations, in order to selec- 
tively operate noise reduction feedback network 60, 
switch 70 is controlled by digital signal processor 50. 
Specifically, digital signal processor 50 includes a write 
mode output 54 which operates switch 70. 
[0040] While certain operations are shown in Figure 
1 to be accomplished by digital signal processor 50, it 
is clearly understood that various other components or 
control methodologies could be used to accomplish the 
same result. As wilf be shown later, discrete compo- 
nents may provide the actual CW read power control. 
Further, the write mode signal, and operation of switch 
70, may be controlled by other components within an 
optica f drive system. All of these variations are clearly 
contemplated as falling within the scope of the present 
invention. 

[0041 ] Referring now to Figure 2, there shown a more 
detailed schematic diagram of a low noise laser control 
system 10 embodying the present invention. Note that 
in all the figures, like components have retained like 
numbers. 

[0042] Figure 2 more specifically shows one embod- 
iment of noise reduction feedback network 60. In this 
embodiment, noise reduction feedback network 60 is 
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simply an RCL network including resistor 66, capacitor 
68, and inductor 69. Capacitor 68 provides appropriate 
AC coupling so that only signals of sufficient frequency 
are transmitted to laser 12. Inductor 69 provides the nec- 
essary high impedance so that the operation of laser 
driver 14 is not adversely affected. Lastly, resistor 66 
provides stability so that noise reduction feedback net- 
work 60 will not oscillate. 

[0043] In the embodiment shown in Figure 2, switch 
70 is best embodied as a reed relay switch. This reed 
relay switch is preferred as it has very low 'on' resistance 
and provides for sufficient noise reduction operation. 
[0044] Also shown in Figure 2 is a RC filter 74 con- 
nected between trans-impedance amplifier output 48 
and digital signal processor 50 (DSP not shown in Fig- 
ure 2). RC filter 74 includes a filtering resistor 76 and 
filtering capacitor 78. These components ensure that 
only LF components of the amplified photo detector sig- 
nal present at trans-impedance amplifier output 48 are 
passed on to digital signal processorSO. Similarly, asec- 
ond RC filter 80, made up of second filtering resistor 82 
and second filtering capacitor 84, is connected at the 
input of laser driver 14. Again, this simply ensures that 
only LF signals are provided on this input 22. 
[0045] Referring now to Figure 3, there is shown yet 
another low noise laser control system embodying the 
present invention. Generally speaking, the same overall 
control methodology as described above is utilized, 
however a different noise reduction feedback network 
60 is used. Specifically, laser driver 14 is utilizedto con- 
trol laser 12. Through the use of beam splitter 26, photo 
detector 40, trans-impedance amplifier 46 and noise re- 
duction feedback network 60, a noise reduction signal 
is generated at feedback network output 64. This noise 
reduction signal is then connected back to the input of 
laser 12 for the purpose of cancelling noise. 
[0046] In the embodiment shown in Figure 3, an alter- 
native noise reduction feedback network 60 is shown. 
In this embodiment, noise reduction feedback network 
60 includes a capacitor 90 for use in providing AC-cou- 
pling. Additionally, a non-inverting transistor amplifier 92 
is attached to coupling capacitor 90. Specifically, non- 
inverting transistor amplifier 92 includes a first transistor 
94 and a second transistor 96. Both first transistor 94 
and second transistor 96 are preferably high frequency 
transistors with acceptable bandwidth to provide the de- 
sired noise reduction. Also, both first transistor 94 and 
second transistor 96 are connected to a supply source 
98, Second transistor 96 operates as a current source, 
thus providing high impedance for the laser and elimi- 
nating the need for the previously used inductor Addi- 
tionally, the non-inverting transistor amplifier 92 pro- 
vides higher impedance for coupling capacitor 90, thus 
allowing an alternative switch 70 to be used. In this par- 
ticular embodiment, a FET switch can be used since the 
'on' resistance is less critical. More specifically, a fast 
FET switch can be used, which has faster switching 
speed than the previously discussed reed relay switch. 
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[0047] In order to illustrate the noise reduction and 
frequency characteristics of the circuitry, Figure 5 A illus- 
trates the closed loop phase relationship versus fre- 
quency for noise reduction laser control system 1 0 of 
Figure 3. As can be seen, over the illustrated frequency 
range the phase relationship changes, due, primarily, to 
delays in the circuitry. Obviously, this phase relationship 
will effect the noise cancellation achieved. The actual 
phase relationship is shown by phase line 200 as illus- 
trated. 

[0048] Next, the closed loop noise reduction is shown 
in Figure SB, as noise line 210, As can be seen, the 
noise starting at approximately 1 0 kHz, is reduced by 
more than 1 0 db, and maintains that lower level out 
through approximately 20 MHz. Noise continues to be 
reduced until approximately 40 MHz. As also shown in 
Figure 5B, some noise magnification (peaking) is actu- 
ally seen at higher frequencies. In the case of optical 
data storage systems, this magnification is insignificant 
however, as this frequency is well above the operating 
bandwidth of laser storage devices. Consequently, 
noise above this frequency leveJ can be substantially re- 
duced through the use of additional low pass filters in 
the read channel. Most importantly however, all noise in 
the relevant frequencies (i.e. the operating bandwidth of 
the optical storage systems) is reduced. 
[0049] Referring now to Figure 4, there shown an al- 
ternative embodiment of the present invention which 
does not require the use of a digital signal processor for 
CW power control, in this particular embodiment, the 
digital signal processor has been replaced by a first am- 
plifier 11 0 and a second amplifier 120. Firstamplifier110 
includes a simple feedback network to allow amplifica- 
tion of the signal present on trans-impedance amplifier 
output 48, A first amplifier output 112 is provided to sec- 
ond amplifier 120 via switch 114. First amplifier 110 and 
second amplifier 120, along with all accompanying cir- 
cuitry, are configured to provide a LF control loop, much 
the same as carried out by the digital signal processor 
50 shown in Figures 1-3. Additionally, switch 114 pro- 
vides a mechanism to selectively operate both noise re- 
duction feedback network 60 and this LF control loop. 
[0050] Referring now to Figures 6A-6D, the improve- 
ment achieved by utilizing the feedback network 60 in 
an embodiment of the present invention is better illus- 
trated. Figures 6A-6D illustrates the signal outputs from 
the storage device read channel when actual data is 
read from the optical storage device. In each of these 
figures (Figures 6A-6D) no data is read during an initial 
time t 0 and the read channel is simply being sampled. 
During time period t 1f a uniform data pattern is being 
read. 

[0051] Figure 6A illustrates a single trace data read 
with noise reduction feedback network 60 turned off. 
More specifically, switch 70, shown in Figure 3 is open. 
Consequently, noise and uneven signal levels are cre- 
ated. In comparison, Figure 6B shows a single trace of 
information being read with the noise reduction feed- 
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back network 60 turned on. As can be seen, the actual 
noise on the signal, and the peaked amplitude remains 
much more constant and repeatable. 
[0052] Similarly, Figures 6C and 6D illustrate multiple 

5 traces of data being read. Specifically, Figure 6C illus- 
trates murtiple traces of data read with the noise reduc- 
tion feedback network 60 turned off, while Figure 6D il- 
lustrates multiple traces ol data with the noise reduction 
feedback network 60 turned on. By comparing Figure 

10 6C and 6D, the noise and signal repeatability is vastly 
improved when the noise reduction feedback is turned 
on. 

[0053] Those skilled in the art will further appreciate 
that the present invention may be embodied in other 

15 specific forms without departing from the spirit or central 
attributes thereof . In that the foregoing description of the 
present invention discloses only exemplary embodi- 
ments thereof, it is to be understood that other variations 
are contemplated as being within the scope of the 

so present invention. Accordingly, the present invention is 
not limited in the particular embodiments which have 
been described in detail therein. 



25 Claims 

1. A low noise laser control system comprising: 

an optical sensor positioned to receive a portion 
30 of a light signal generated by the laser and pro- 

duce a signal indicative of the laser beam gen- 
erated by the laser; and 
a noise reduction feedback network operatively 
con n ected to the optical sensor and to the laser, 
35 the noise reduction feedback network including 

filtering and impedance characteristics so as to 
produce a noise reduction signal which is pro- 
vided to the laser 

40 2. The low noise laser control system of claim 1 further 
comprising a LF control loop operatively attached 
between the laser and the optical sensor to provide 
CW control of the laser 

45 3. The low noise laser control system of claim 2 further 
comprising a trans-impedance amplifier attached to 
an output of the optical sensor, the trans-impedance 
amplifier producing an amplified signal proportional 
to the optical sensor signal and providing the am* 

so plified signal to both the LF control loop and the 
noise reduction feedback network. 

4. The low noise laser control system of claim 3 where- 
in the LF control loop includes a processor attached 
55 to the trans-impedance amplifier, the processor fur- 
ther having an output attached to a laser driver 
which drives the laser, the processor output carry- 
ing a LF control signal which allows the laser driver 
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to provide appropriate levels of current to operate 
the laser at a desired CW level 

5. The low noise laser control system of claim 3 where- 

in the LF control loop includes an amplifier network 5 
attached to the output of the trans-impedance am- 
plifier, the amplifier having an output attached to a 
laser driver which drives the laser, the amplifier out- 
put carrying a LF control signal which allows the la- 
ser driver to provide appropriate levels of current to 10 
operate the laser at a desired CW level. 

6. The low noise lasercontrol system of any preceding 
claim wherein the noise reduction feedback net- 
work is a series RCL circuit, i* 

7. The low noise lasercontrol system of claim 6 where- 
in the RCL circuit is configured to provide a band- 
pass function, 

20 

8. The low noise laser control system of any one of 
claims 1 to 5 wherein the noise reduction feedback 
network is a higlvpass transistor amplifier network. 

9. The low noise lasercontrol system of any preceding 25 
claim further comprising a control switch to selec- 
tively operate the noise reduction feedback net- 
work. 

10. A low noise laser control system for use in control- 30 
ling a laser within a data storage drive, comprising: 

an optical sensor associated with the laser to 
produce a sensor signal indicative of the laser 
beam being produced by the laser and directed 35 
toward a storage media; 
an amplifier attached to an output of the optical 
sensor for producing an amplified signal which 
is inverted with respect to the sensor signal; 
a noise reduction feedback network connected *o 
to the amplifier for receiving the amplified sig- 
nal, the noise reduction feedback network fur- 
ther connected to the laser in order to provide 
a filtered noise signal to the laser, wherein the 
filtered noise signal will cancel any noise « 
present on the laser beam, 

11. The control system of claim 10 wherein the noise 
reduction feedback network is a high pass high im- 
pedance network, so 

12. The control system of claim 10 wherein the noise 
reduction feedback network comprises a resistor, a 
capacitor, and an inductor all connected in series 
with one another. 55 

13. The control system of claim 10 wherein the noise 
reduction feedback network comprises a transistor 
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amplifier. 

14. The control system of any one of claims 10 to 13 
wherein the optical sensor is a fast forward sense 
detector. 

15. The control system of any one of claims 10 to 14 
further comprising a control switch to selectively op- 
erate the noise reduction feedback network. 

16. The control system of any one of claims 10 to 14 
wherein the noise reduction feedback network fur- 
ther comprises a disabling switch for tuning selec- 
tively disabling the feedback network, 

17. The control system of claim 16 wherein the feed- 
back network is disabled during writing operations 
of the data storage drive, 

1 8* A laser control system attached to the read/write la- 
ser of an optical data storage system which is di- 
rected toward a data storage medium, the control 
system comprising: 

a laser driver attached to the laser for providing 
a laser drive signal which controls the operation 
of the laser; 

an optical sensor coupled to the laserto receive 
a portion of the laser signal produced by the la- 
ser and provide a sensor output proportional to 
the power of the laser signal; 
an amplifier attached to the optical sensor for 
producing an amplified signal, the amplified sig- 
nal being inverted and amplified when com- 
pared with the sensor output; 
a processor attached to the amplifier and the 
laser driver, the processor receiving the ampli- 
fied signal and producing a lasercontrol signal 
to control the intensity level of the laser; and 
a noise reduction feedback network coupled to 
the output of the amplifier and to the laser, the 
noise reduction feedback network receiving the 
amplified signal and providing a cancellation 
signal to reduce the noise in the laser signal di- 
rected to the optical medium. 

19. The laser control system of claim 18 further com- 
prising a switch operatively connected to the noise 
reduction feedback network to provide for selective 
generation of the cancellation signal 

20. The laser control system of claim 18 or 1 9 wherein 
the noise reduction feedback network is a high pass 
and high impedance network. 

21 . The laser control system of claim 1 8 or 1 9 wherein 
the noise reduction feedback network comprises a 
resistor, a capacitor, and an inductor afl connected 
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in series with one another. 

22. The laser control system of claim 21 wherein the 
resistor, capacitor and inductor are configured to 
provide a band-pass function. 5 

23. The laser control system of claim 18 or 19 wherein 
the noise reduction feedback network comprises a 
transistor amplifier. 

10 

24. The laser control system of any one of claims 18 to 
23 wherein the optical sensor is a fast forward 
sense detector 

15 
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(54) Laser driver with noise reduction feedback 

(57) In order to provide a low noise laser beam, a 
noise reducing feedback network is provided which cre- 
ates a noise reducing signal and provides that signal to 
the laser (12) itself. In order to produce the noise reduc- 
ing signal, the operation of the laser (12) is monitored 
and the feedback signal is a direct result of this moni- 
toring. Monitoring is accomplished by a fast-forward 
sense detector (40), which receives a portion of the laser 
beam (30) from the operating laser (12). The output from 
this fast-forward sense detector (40) is provided to an 
amplifier (46) which inverts and amplifies the signal. A 
noise reduction feedback network (60) then receives the 
amplified signal, appropriately filters this signal, and 
provides it to the laser (12) itself so as to reduce noise 
in the laser-beam for the frequency band of importance 
for reading the recorded data from the optical medium. 
The noise reduction feedback signal further has suffi- 
ciently high impedance so as to not disturb the tradition- 
al CW operation of the laser (12) and to avoid interfer- 
ence with the traditional RF modulation of the laser (1 2). 
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